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SUMMARY 
A l t i t u d e  information i s  very  important t o  p i l o t s .  Although on t h e  
instrument  landing  approach, p i l o t s  only look at t h e  alt imeter 3% t o  65 of t h e  
t i m e ,  t h e y  o b t a i n  re la t ive  a l t i t u d e  information from g l i d e s l o p e  and command ba r  
needles .  One p i l o t  ques t ionna i r e  survey has i n d i c a t e d  t h a t  a l t imeters  are 
misread by almost a l l  p i l o t s .  Commercial p i l o t  eye scanning d a t a  prev ious ly  
c o l l e c t e d  w e r e  reanalyzed t o  eva lua te  how p i l o t s  used t h e  drum p o i n t e r  a l t imeter .  
The results of t h e s e  tes ts  showed t h a t  t h e  p i l o t s  seldom used t h e  drum window 
apparent ly  because it w a s  d i f f i c u l t  t o  read  as i n d i c a t e d  by average drum window 
dwell  t i m e s  of .6 seconds. It is  suggested t h a t  p i l o t  scanning data be c o l l e c t e d  
f o r  o t h e r  t ypes  of  alt imeters i n  o r d e r  t o  f i n d  t h o s e  wi th  good scanning 
c h a r a c t e r i s t i c s  . 
INTRODUCTION 
A l t i t u d e  i s  one of t h e  prime b i t s  of  information needed by a p i l o t  dur ing  
any phase of f l i g h t .  Misreading of t h e  alt imeter can r e s u l t  i n  i n c i d e n t s  and 
acc iden t s .  Consequently, a number of al t imeter designs have been t r i e d  over 
t h e  yea r s .  The tes t s  conducted and t h e  r e p o r t s  w r i t t e n  on t h e  subjec t  are 
numerous; i n  f a c t ,  a number of summary r e p o r t s  have been w r i t t e n  such as 
r e fe rences  1 and 2.  
i s  one of  t h e  most important a i r c r a f t  instruments  and i s  l i k e l y  t o  remain so 
f o r  many years t o  come. It i s  p e r t i n e n t ,  t h e r e f o r e ,  t o  a t tempt  t o  f o r e c a s t  
what t he  f u t u r e  holds  f o r  t h i s  instrument ."  
change i s  foreseen  i n  d i s p l a y  p r e s e n t a t i o n  of  a l t i m e t e r s ,  t h e  counter  p o i n t e r  
t ype  w i l l  become u n i v e r s a l  except f o r  low performance, low a l t i t u d e  a i r c r a f t .  
S o l i d  s t a t e  d i sp lays  a r e  l i k e l y  t o  supplant  mechanical d i s p l a y s ,  bu t  s t i l l  w i t h  
an i m i t a t i o n  o f  mechanical d i s p l a y s .  It i s  p o s s i b l e  t h a t  t h e  advent of  CRT 
p r e s e n t a t i o n  w i l l  r e s u l t  i n  p r e s e n t a t i o n s  of  optimum d i sp lays  f o r  each phase of 
f l i g h t ,  bu t  s t i l l  t h e r e  i s  no si-gn of  an accep tab le  completely new p r e s e n t a t i o n  
on t h e  horizon." Even though no completely new p r e s e n t a t i o n  i s  f o r e c a s t ,  t h e  
cu r ren t  a l t imeter  designs are not  t o t a l l y  adequate  as evidenced by t h e  number 
of  a c c i d e n t s ,  near  acc iden t s ,  and i n c i d e n t s  due t o  p i l o t s  misreading a l t i m e t e r s .  
I n  1975, A. N .  Du Zeu ( r e f .  3) wrote t h a t  " the  a l t i m e t e r  
I n  summarizing he wrote Itno g r e a t  
This  paper w i l l  d i s cuss  an a n a l y s i s  of p i l o t  scanning c h a r a c t e r i s t i c s  of a 
drum p o i n t e r  al t imeter.  
i n  an  e f f o r t  t o  understand how a p i l o t  uses  an  a l t i m e t e r .  Also, sugges t ions  t o  
h e l p  improve the  r e a d a b i l i t y  of  t h e  a l t i m e t e r s  t he reby  reducing t h e  number of  
misreads w i l l  be d iscussed .  
Cor re l a t ions  w i l l  be  made t o  p a s t  r e sea rch  on a l t i m e t e r s  
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EQUIPNEXT ABD TEST PROCEDURE 
The t e s t s  w e r e  performed i n  a Boeing 737 s imula tor  a t  Piedmont A i r l i n e ' s  
Training F a c i l i t y .  The s imula tor  i s  FAA c e r t i f i e d  and used f o r  i n i t i a l  and 
r e c u r r e n t  t r a i n i n g .  The only change i n  t h e  instrument  pane l  w a s  t h e  
inco rpora t ion  of an  oculometer o p t i c a l  head which w a s  mounted below t h e  
Automatic Di rec t ion  Finder  (ADF) behind t h e  instrument  pane l .  A TV camera 
w a s  mounted behind t h e  p i l o t  t o  view t h e  instrument  pane l  and a TV monitor w a s  
l oca t ed  behind t h e  p i l o t ' s  seat t o  a l low t h e  t e s t  conductor t o  observe t h e  
p i l o t  lookpoin ts  superimposed i n  t h e  instrument  pane l  scene. 
The oculometer has two primary subsystems: t h e  e l e c t r o - o p t i c a l  system 
and t h e  s i g n a l  process ing  u n i t .  The e l e c t r o - o p t i c a l  system mounted i n  t h e  
instrument  pane l  gene ra t e s  a beam of  i n f r a r e d  l i g h t  which i s  d i r e c t e d  through 
a beam s p l i t t i n g  mi r ro r  toward t h e  s u b j e c t ' s  eye. Re f l ec t ions  from t h e  eye a r e  
d i r e c t e d  back through t h e  beam-spl i t te r  t o  an  i n f r a r e d - s e n s i t i v e  TV camera. 
The high r e f l e c t i v i t y  of t h e  human r e t i n a  f o r  i n f r a r e d  l e a d s  t o  a back l igh t ing  
of  t h e  p u p i l ,  so  tha t  t h e  camera sees t h e  p u p i l  of t h e  eye as a b r i g h t ,  c i r c u l a r  
area ( f i g .  1). The camera a l s o  sees a small b r i g h t  spot  due t o  a r e f l e c t i o n  
from t h e  co rnea l  sur face .  The r e l a t i v e  p o s i t i o n s  of  t h e  c e n t e r  of t h e  p u p i l  
and t h e  co rnea l  r e f l e c t i o n  depend on t h e  angle  of  r o t a t i o n  of  t h e  eyeba l l  wi th  
r e spec t  t o  t h e  i n f r a r e d  beam. The s i g n a l  process ing  u n i t  u ses  t h e  s i g n a l  from 
t h e  TV camera t o  compute t h i s  angle  of r o t a t i o n  and t h e  coord ina tes  of t h e  
lookpoint  on t h e  instrument  pane l .  The output  of t h e  s i g n a l  processor  i s  a 
set  of c a l i b r a t e d  analog s i g n a l s  r ep resen t ing  t h e  s u b j e c t ' s  lookpoint  coord ina tes  
and p u p i l  diameter.  A complete d e s c r i p t i o n  of t h e  oculometer and t e s t  s i t u a t i o n  
can be found i n  r e fe rence  4. 
A l l  l anding  approaches were s t a r t e d  a t  19  km ( 1 2  m i l e s )  from runway 
th re sho ld  and approximately 415 m (1360 f t )  above ground level .  
(4 m i l e s )  w e r e  used by t h e  p i l o t  t o  s t a b i l i z e  t h e  a i r c r a f t  on t h e  c o r r e c t  
f l i g h t  pa th  and t o  check t h e  oculometer c a l i b r a t i o n .  A t  13 km (8 m i l e s )  d a t a  
record ing  w a s  s t a r t e d  and cont inued through cap tu re  and descent  down t h e  3 O  
g l i d e s l o p e ,  touchdown and r o l l o u t  or u n t i l  t h e  approach w a s  abor ted  as a r e s u l t  
of t h e  p i l o t  choosing t o  go around. 
The first 6 km 
A l l  a i r l i n e  p i l o t s  used i n  t h e  program w e r e  q u a l i f i e d  Boeing 737 p i l o t s  
who f l y  r e g u l a r l y  f o r  a scheduled a i r l i n e .  The p i l o t s  were asked t o  assume t h a t  
t hey  were f l y i n g  an a i r c r a f t  f u l l  of passengers ,  and i f  t hey  would normally 
e l e c t  t o  go around, t h e y  should do so.  All t es t s  were conducted us ing  t h e  same 
eo-p i lo t .  The eo-p i lo t  func t ioned  i n  t h e  same manner as he would i n  a normal 
approach and provided a l l  r equ i r ed  c a l l  ou t s .  
REVIEW OF PILOT O P I N I O N  AND SELECTED ALTIMETER RESEARCH 
If altimeter d i s p l a y  improvements a r e  t o  be accomplished and i f  optimum 
alt imeter d i s p l a y s  are t o  be developed f o r  f u t u r e  f l i g h t  sys t ems , i t  becomes 
imperat ive t h a t  w e  understand t h e  problems wi th  e x i s t i n g  altimeters and how 
a p i l o t  ob ta ins  and pe rce ives  a l t i t u d e  information.  
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D r u m  Po in te r  Altimeter Misreads 
A survey w a s  conducted by J i m  Anderson, Nat ional  A i r l i n e  Control  Sa fe ty  
Chairman,through t h e  A i r l i n e  P i l o t s  Assoc ia t ion  t o  a s c e r t a i n  t h e  percentage of  
Nat ional  A i r l i n e  p i l o t s  who have misread or observed another  p i l o t  misread t h e  
drum p o i n t e r  a l t imeter  used i n  Nat ional  A i r l i n e ' s  B727 a i r c r a f t .  The r e s u l t s  
of  t h e  survey i n d i c a t e d  t h a t  of  t h e  169 p i l o t s  who responded, 137 s t a t e d  t h a t  
t hey  had misread t h e  a l t imeter  and 134 s t a t e d  t h a t  t hey  had observed another  
p i l o t  misread t h e  a l t imeter  (85% of each group s t a t e d  t h a t  such observa t ions  
had been made on more than  one occas ion ) .  
t h a t  a s u r p r i s i n g l y  l a r g e  number of misreads ( 5 0 )  happen dur ing  t h e  approach 
phase. Severa l  comments of p i l o t s  r e l a t i n g  t o  t h e  drum p o i n t e r  al t imeter are: 
The survey r e s u l t s  a l s o  i n d i c a t e  
1. "This altimeter t a k e s  more concent ra t ion  than  should be 
necessary  t o  read  accu ra t e ly . "  
2. "The s m a l l  drum window i s  a complication on t h e  instrument and 
( i s )  q u i t e  s m a l l ,  o f t e n  r e q u i r i n g  a 'double look '  and d i v e r t i n g  
a t t e n t i o n  from t h e  needle .  Other ins t ruments  r e q u i r e  only  a 
s i n g l e  p o i n t  of v i s u a l  a t t e n t i o n  t o  comprehend and do not  
d i v e r t ,  slow, or complicate a smoothly flowing scan.' ' 
3. "Misreads seemed t o  always occur a t  t h e  lower a l t i t u d e  when 
a t t e n t i o n  i s  s n l i t  between more a c t i v i t i e s . "  
4. "The more s t r e s s f u l  s i t u a t i o n s  produced more misreads."  
5. "A quick glance a f t e r  (be ing  d i s t r a c t e d )  can u s u a l l y  induce a 
reading  of 1 ,000  f t .  o f f  i f  t h e  b a r r e l  drum i s  halfway between 
thousands.  I' 
P i l o t  Cpinion of A l t i t u d e  Importance 
P i l o t s  normally rate t h e  alt imeter as t h e  t h i r d  most looked a t  instrument 
i n  t h e  a i r c r a f t  (w i th  t h e  F l i g h t  D i rec to r  being f i r s t  and t h e  a i r speed  
i n d i c a t o r  second) .  
25% of t h e i r  t i m e  on t h e  alt imeter.  
( re f .  4) i n d i c a t e  t h a t  f o r  a l l  t e s t  cond i t ions  they  a c t u a l l y  spent  an average 
of between 3 t o  6% of  t h e i r  t ime looking a t  t h e  alt imeters.  
between p i l o t  opinion and a c t u a l  t ime spent  on t h e  a l t imeter  may not  be as 
bad as it seems a t  f irst  g lance .  Ind ica t ions  are t h a t  whi le  t h e  p i l o t  may i n  
f a c t  be concerned about h i s  a l t i t u d e  25% of t h e  t i m e ,  it does not  equate  t o  
spending t h a t  much t i m e  looking a t  t h e  alt imeter.  On t h e  s t r a i g h t  and level  
po r t ion  o f  t h e  approach, once having e s t a b l i s h e d  h i s  a l t i t u d e ,  t h e  p i l o t  can 
u s e  e i t h e r  t h e  h o r i z o n t a l  command ba r  of  t h e  F l i g h t  Di rec tor  t o  i n d i c a t e  
p o s i t i o n  wi th  r e spec t  t o  des i r ed  a l t i t u d e  o r  o t h e r  cues which i n d i c a t e  t h a t a  
change i n  a l t i t u d e  i s  t a k i n g  p lace .  
instruments  a l s o  provide a l t i t u d e  information.  To quote a NASA tes t  p i l o t ,  
"On t h e  g l i d e s l o p e  t h e  alt imeter i s  a l l  but  r e l e g a t e d  t o  a back up mode. 
I n  f a c t ,  when asked, some p i l o t s  s t a t e d  t h e y  spent  20 t o  
S tud ie s  conducted us ing  t h e s e  same p i l o t s  
The discrepancy 
Upon s t a r t i n g  t h e  descent ,  a d d i t i o n a l  
My 
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sources of in format ion  a r e  f i r s t  t h e  r a w  g l i d e s l o p e  d a t a ,  second, command b a r s ,  
and t h i r d ,  where p r e s e n t ,  eo-p i lo t  c a l l  o u t s . ”  While t h e  f i r s t  two do not 
g ive  abso lu te  a l t i t u d e  informat ion  they  do t e l l  t h e  p i l o t  where he i s  wi th  
r e s p e c t  t o  h i s  d e s i r e d  a l t i t u d e  a t  t h a t  po in t  i n  h i s  approach. Therefore ,  
while  a p i l o t  may i n  f a c t  spend up t o  25% of h i s  t ime concerned wi th  a l t i t u d e  
informat ion ,  it i s  not  necessary ,  however, t h a t  he spend a l l  of t h a t  t ime 
looking  at t h e  a l t i m e t e r .  
Al t imeter  Research 
A number of d i f f e r e n t  a l t i m e t e r s  a r e  used i n  c u r r e n t  commercial a i r c r a f t  
such as t h e  t h r e e  p o i n t e r ,  counter  p o i n t e r ,  drum p o i n t e r ,  and counter  drum 
2 o i n t e r  ( f i g .  2 ) .  The a l t i m e t e r  used i n  t h e  c u r r e n t  s tudy  w a s  a drum 
p o i n t e r  ( f i g .  2b) .  
whi le  t h e  drum i n d i c a t e s  thousands and t e n s  of thousands of f e e t .  One of t h e  
most comprehensive s t u d i e s  of  t ime r equ i r ed  t o  r ead  t h e  va r ious  types  of 
a l t i m e t e r s  ( f i g .  2 )  i s  r epor t ed  i n  r e fe rence  5. I n  t h e s e  t e s t s ,  t h e  s u b j e c t s  
were r equ i r ed  t o  read  a l t i m e t e r  s e t t i n g s  while  engaged i n  a c e n t r a l  t r a c k i n g  
t a s k .  A t  random t imes ,  t h e  experimenter would open a s h u t t e r  which w a s  
covering t h e  a l t i m e t e r .  The sub jec t  would r ead  t h e  a l t i m e t e r ,  ope ra t e  a hand 
switch t o  c l o s e  t h e  s h u t t e r  and t h e n  r epor t  t h e  a l t i t u d e  t o  t h e  n e a r e s t  
30.5 m (100 f t . )  
t h e  accuracy of r e p o r t i n g  t h e  a l t i t u d e .  
s tudy.  A t o t a l  o f  1 5  a l t i m e t e r  exposure t r ia l s  were performed on each of 
t h e  fou r  types  of a l t i m e t e r s  (similar t o  t h o s e  of f i g .  2 ) .  
f o r  t h e  drum p o i n t e r  a l t i m e t e r  (equiva len t  t o  t h e  one used i n  t h e  a i r l i n e  
p i l o t  s tudy)  showed a mean exposure time of 1.38 seconds w i t h  a p r o b a b i l i t y  
of an error  of 2.4%. 
random s e l e c t i o n  of a l t i t u d e s  so t h a t  no h i s t o r y  of a l t i t u d e  p r o f i l e  could 
be maintained;  consequent ly ,  t h e  sub jec t  p i l o t s  were r e q u i r e d  t o  r ead  t h e  
e n t i r e  a l t i m e t e r  each t i m e  it w a s  shown. 
The p o i n t e r  i n d i c a t e s  a l t i t u d e  over a 30.5 m (1000 f t )  range 
Measurements were taken of t h e  a l t i m e t e r  exposure t ime and 
Eighteen p i l o t s  p a r t i c i p a t e d  i n  t h e  
The r e s u l t s  
I n  those  t es t s ,  t h e  p i l o t  w a s  p re sen ted  wi th  a 
RESULTS AND DISCUSSION 
I n  an  a c t u a l  f l i g h t  s i t u a t i o n ,  a l t i m e t e r  readings  a r e  not presented  t o  
p i l o t s  i n  a random fash ion .  I n  f a c t ,  t h e  p i l o t  has a cont inuing  a l t i t u d e  
p r o f i l e  which provides  a running t ime h i s t o r y ;  consequent ly ,  he has a p r i o r  
knowledge of what t o  expect when he looks at t h e  a l t i m e t e r  and t h e r e f o r e ,  
does not  have t o  r ead  t h e  e n t i r e  a l t i m e t e r  each t ime he looks at t h e  instrument.  
I n  f a c t ,  bo th  r e f e r e n c e  4 and r e f e r e n c e  6 i n d i c a t e  t h a t  p i l o t s  when f l y i n g  
s imulated approaches have an  a l t i m e t e r  mean dwell time of on ly  between . 3  t o  
.4 seconds as opposed t o  t h e  1.38 seconds found i n  r e fe rence  5. I n  a d d i t i o n ,  
observa t ion  of t h e  r e a l  t ime TV t a p e s ,  taken dur ing  t h e  a i r l i n e  p i l o t  s tudy  
( r e f .  4), shows t h a t  t h e  p i l o t  looked a t  t h e  l e f t  s i d e  of t h e  a l t i m e t e r  even 
though t h e  needle  w a s  po in t ing  t o  t h e  r i g h t  s i d e .  This observa t ion  coupled 
wi th  t h e  l a r g e  s t anda rd  dev ia t ion  of  mean dwell  t ime found i n  t h e  d a t a  l e d  t o  
a r e a n a l y s i s  of t h e  a l t i m e t e r  d a t a  i n  terms o f  dwell t i m e s  f o r  t h e  l e f t  s i d e ,  
r i g h t  s i d e ,  and a l t i rne te r  drum window. For t h e  above a n a l y s i s ,  t h e  altimeter 
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w a s  d iv ided  i n t o  t h r e e  areas: t h e  l e f t  s i d e ,  t h e  r i g h t  s i d e ,  and t h e  a l t i t u d e  
drum window. The l e f t  and r i g h t  s i d e  d iv ided  t h e  altimeter i n  h a l f  from t o p  
t o  bottom w i t h  no over lap .  The drum window, however, overlapped a v e r y  s m a l l  
p a r t  o f  t h e  l e f t  s i d e  and p a r t  of t h e  r i g h t  s i d e  ( f i g .  3 ) .  F igure  4 presen t s  
a combined dwell  t i m e  histogram of t h e  frequency d i s t r i b u t i o n  of i nd iv idua l  
dwells  on t h e  t o t a l  a l t imeter .  These d a t a  were t aken  from seven p i l o t s  who 
performed a t o t a l  of 108 s imulated ILS approaches from 13 kni (8 m i l e s )  out  t o  
30.5 (100 f t )  above t h e  runway. ' T h e  a b s c i s s a  i s  dwel l  t i m e  i n  seconds p l o t t e d  
on a l o g  scale; t h e  o r d i n a t e  i s  percent  of t h e  t o t a l  number o f  looks  at t h e  
altimeter. The curve shows a mode a t  about .25 seconds wi th  a median a t  .275 
seconds and mean of .32 seconds. The next  f igure ( f i g .  5 )  p re sen t s  a break  
out  of t he  dwells  on t h e  l e f t  and r i g h t  s i d e s  of t h e  a l t imeter .  This shows a 
c h a r a c t e r i s t i c  d i f f e r e n c e  i n  t h e  dwells  on t h e  r i g h t  and l e f t  s i d e s .  The l e f t  
s i d e  dwells  show a d i s t r i b u t i o n  wi th  two peaks,  one at about .1 seconds and a 
second at about .4 seconds. Reference 7 r e f e r s  t o  a bimodal dwell  d i s t r i b u t i o n  
as being a c h a r a c t e r i s t i c  o f  a type I1 inst rument  and def ined  t h e  peaks 
occurr ing  a t  these same dwell  t imes  as glance (.1 s e e )  and read  (.4 s e e )  dwells .  
For t h e  s h o r t  dwell  t i m e s  t h e  F i l o t  g e t s  only minimal information such as t h e  
d i r e c t i o n  of  needle  o r i e n t a t i o n .  The longer  dwell  t i m e s  are a s s o c i a t e d  wi th  
reading t h e  needle  va lue .  During t h e  approximately 180 seconds r equ i r ed  f o r  
an approach t h e  needle  i s  on t h e  l e f t  s i d e  f o r  only 40 o r  50 seconds (on t h e  
average 25% of  t h e  t i m e ) .  Yet, t h e  p i l o t  spends approximately 48% of  t h e  t i m e  
i n  t h e  alt imeter on t h e  l e f t  s i d e .  It i s  hypothesized t h a t  t h e  p i l o t  can 
determine r i g h t  s i d e  needle  p o s i t i o n  and/or  rate pa ra fovea l ly  whi le  f i x a t e d  on 
t h e  l e f t  s i d e  of  t h e  a l t i m e t e r .  The r i g h t  s i d e  o f  t h e  altimeter shows a t o t a l l y  
d i f f e r e n t  shape wi th  a s i n g l e  mode a t  .25 seconds. Reference 7 refers t o  a 
s i n g l e  peaked dwell  d i s t r i b u t i o n  as a type  one instrument  wi th  t h e  p i l o t  
reading only t h e  va lue  t o  which t h e  needle  w a s  po in t ing .  
O f  p a r t i c u l a r  i n t e r e s t ,  on %he r i g h t  s i d e  of  t h e  a l t i m e t e r ,  i s  t h e  window 
which con ta ins  t h e  drum. The data w e r e  analyzed f o r  dwell  t i m e s  i n  t h e  area of  
t h e  drum window ( f i g .  3 )  p l z s  % of a v i s u a l  degree (%, inch)  sarrounding t h e  
window. 
drm area, it i s  d i f f i c u l t  t o  determine which p i e c e  oi" information he i s  
r eas ing .  
These d a t a  show a broad peak between .1 t o  -25  seconds.  This broad peak could 
be a summation of a d i s t r i b u t i o n  having a peak a t  about .1 seconds (g l ances )  
and one having a peak at .25 seconds. Reference 8 presen t s  t h e  dwell  time 
histogram of s u b j e c t s  dur ing  t e x t  reading .  The t e x t  reading  d a t a  a l s o  peak 
a t  .25 seconds and have a shape t h a t  appears t o  be  l o g  normally d i s t r i b u t e d .  
To o b t a i n  an estimate of  what dwell  d i s t r i b u t i o n  remains when t h e  text  reading  
( i n  t h i s  ca se  assumed t o  be  needle  p o s i t i o n  r ead ing)  i s  removed, t h e  d i s t r i b u t i o n  
of r e fe rence  8 w a s  sub t r ac t ed  from t h a t  of f i g u r e  6. The r e s u l t i n g  curves a r e  
p l o t t e d  i n  f i g u r e  7. The middle curve i s  t h e  one sub t r ac t ed  ( r e f .  8 )  and t h e  
remaining d i s t r i b u t i o n f o r m s t h e  l e f t  and r i g h t  curves .  The one t o  t h e  l e f t  i s  
almost i d e n t i c a l  i n  d i s t r i b u t i o n  t o  t h e  g lances  of  r e fe rence  7 and is  
probably a s s o c i a t e d  wi th  needle  d i r e c t i o n  e s t ima t ion .  The d i s t r i b u t i o n  on t h e  
r i g h t  appears  t o  be l o g  normally d i s t r i b u t e d  wi th  a peak between .5 and .6 
seconds. There are two p o s s i b i l i t i e s  t o  exp la in  t h e  d i s t r i b u t i o n .  I n  follow- 
on work, D r .  R .  Harris (eo-author of  t h i s  pape r )  u s ing  t h e  gene ra l  a v i a t i o n  
d a t a  r epor t ed  i n  r e fe rence  7 ,  found s i m i l a r  d i s t r i b u t i o n s  at t h i s  peak dwell  
t i m e  t o  be a s s o c i a t e d  wi th  a c o n t r o l  input .  
When t h e  p i l o t  looks  i n  t h e  drum area and t h e  needle  i s  overlap2ing t h e  
Fip;ure 6 g ives  t h e  t i w e l l  t ixe histogram f o r  t h e  d r u 3  window area. 
These d a t a  were analyzed fo r  
a s s o c i a t e d  c o n t r o l  i npu t s  ( re f .  9) by e s t a b l i s h i n g  a c o n t r o l  i npu t  c r i t e r i o n  
based on amplitude and rate. When t h i s  c r i t e r i o n  was m e t ,  t h e  instrument  at 
which t h e  sub jec t  w a s  looking  and t h e  dwell  t i m e  for t h a t  look were determined. 
These d a t a ,  however, w e r e  no t  found t o  be a s s o c i a t e d  wi th  c o n t r o l  i npu t .  
I n  f a c t ,  no altimeter looks occurred wi th in  .75 seconds of a c o n t r o l  i npu t .  
The second p o s s i b l e  explana t ion  of  t h e  dwell  d i s t r i b u t i o n  peaking at .5 t o  .6 
seconds i s  t h a t  t h e s e  are t h e  dwells  i n  which t h e  p i l o t  w a s  reading the a l t i t u d e  
d i g i t s  i n  t h e  drum window. If t h e s e  are a s s o c i a t e d  wi th  t h e  p i l o t  reads  o f  
t h e  drum, then  two impl i ca t ions  can be drawn. F i r s t ,  t h e  number of t i m e s  t h a t  
t h e  a l t i t u d e  window i s  a c t u a l l y  read  i s  very  s m a l l  (approximately 3.0% of  a l l  
a l t imeter  dwe l l s ) .  Second, t h e  peak occurr ing  a t  . 5  t o  -6 seconds i s  a d i s p l a y  
design concern s i n c e  t h i s  i s  almost twice  as long as t e x t  reading.  
The longer  t ime could e i t h e r  be because of  d i g i t  s i z e  ( t h e  d i g i t s  are t h e  
minimum s i z e  recommended i n  ref .  1 0 )  o r  i t  could be t h a t  reading  t h e  drum 
r e q u i r e s  t h e  p i l o t  t o  i n t e r p o l a t e  between t h e  305 m (1000 f t >  d i g i t s  showing (see 
f i g .  2b)  o r  a combination of both f a c t o r s .  I n  any case ,  numbers presented  on 
a counter  which s t e p s  between thousands of feet  a l t i t u d e  should reduce t h e  t o t a l  
read  t i m e ,  as t h e  p i l o t  has only  one set of d i g i t s  t o  eva lua te .  This  i s  what 
appa ren t ly  helped reduce t h e  reading  t i m e s  ( r e p o r t e d  i n  r e f .  5 )  of t h e  drum 
p o i n t e r  from 1.38 see .  t o  .8 see .  f o r  counter  p o i n t e r  a l t imeter .  It would seem 
l o g i c a l  t o  make t h e  counter  d i g i t s  as l a r g e  as p o s s i b l e  and p l ace  them on t h e  
l e f t  o f  t h e  a l t i m e t e r .  This i s  t h e  l o c a t i o n  where t h e  p i l o t s  look most o f t e n .  
CONCLUDING REMARKS 
While t h e  drum p o i n t e r  a l t i m e t e r  may not  be t h e  best a v a i l a b l e ,  a l l  
al t imeters sha re  t o  some degree t h e  same problems. Addi t iona l  research  i n  
e x a c t l y  how and why p i l o t s  g lance ,  r ead ,  and scan a l t i m e t e r s  should lead t o  
b e t t e r  instrument  design and consequently enhance s a f e t y  i n  both  commercial 
and gene ra l  a v i a t i o n  a i r c r a f t .  
While each p i l o t  has  an i n d i v i d u a l  scan p a t t e r n  which changes wi th  
instrument  l a y o u t ,  a i r c r a f t ,  and f l i g h t  condi t ions  t h e  b a s i c  t i n e  r equ i r ed  t o  
e x t r a c t  t h e  d e s i r e d  components of  information should be f a i r l y  cons tan t  
ac ross  condi t ions  f o r  an  instrument  l i k e  t h e  alt imeter.  
The r e s u l t s  presented  he re  i n d i c a t e  t h a t :  
1. D r u m  p o i n t e r  a l t i m e t e r  misreads by F i l o t s  a r e  f a i r l y  common. 
2. It r e q u i r e s  s e v e r a l  f i x a t i o n s  wi th in  t h e  drum p o i n t e r  a l t i m e t e r  
t o  g e t  a l l  t h e  information a v a i l a b l e .  
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3.  The p i l o t  can p i c k  up r e l a t i v e  needle  p o s i t i o n  ( r i g h t  o r  l e f t )  
i n  a quick g l ance  (-1 see .  >. 
4. The t o t a l  t i m e  spent  looking a t  t h e  alt imeter drum i s  very  
s m a l l ,  3% of  t h e  dwells  w i t h i n  t h e  altimeter and it r e q u i r e s  
. 5  t o  .6 seconds t o  r e a d  it. 
5. Addi t iona l  scan r e sea rch  wi th  tes ts  s p e c i f i c a l l y  designed 
t o  look  a t  alt imeter design and use i s  needed t o  p rope r ly  
develop and eva lua te  f u t u r e  altimeters. 
A t  t h i s  p o i n t ,  several improvements a r e  i n d i c a t e d ;  f i r s t ,  t o  i nc rease  
t h e  s i z e  of t h e  drum numbers, second, u se  a counter  or counter/drum combination 
and t h i r d ,  p l a c e  it where t h e  p i l o t  looks  most o f t e n  (on t h e  l e f t  s i d e  of t h e  
a l t imeter) .  
some of t h e  newer alt imeters.  Research us ing  t h e s e  newera l t ime te r s  i s  needed 
t o  determine i f  i n  f a c t  t hey  do a l low t h e  n i l o t s  t o  e x t r a c t  t h e  needed 
information quick ly  and accu ra t e ly .  
Some of t h e s e  improvements have a l r eady  been incorpora ted  i n  
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Figure 1.- Basic sensing p r i n c i p l e .  
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c . -  Counter Poin ter  d.- Counter Drum Poin ter  
F igure  2.- Four types of a l t i m e t e r s .  (Note: 1 f t  = 0.3048 m.)  
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Figure 4.- Dwell time for total altimeter. 
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Figure 7.- Dwell t i m e  histogram of a l t i m e t e r  drum area showing 
d i s t r i b u t i o n s  of looks. 
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